




W ATERSI/ED MANAGEMENT I 259

3 ha, tobacco (Nicotiana tabqcum
I ha, and vegetables 162 ha. The

yville (Loamy, siliceous, the~ic
.: Norfolk (Fine-loamy, silic~ous,

.:y (Claey, mixed, thermic T';fpic
thermic Grossarenic Paleudults).

culated using results of fann Isur-
North Carolina State Univer~ity,

of land applications of Nand P
"the swine and poultry indust~ of
Nand P inputs (fertilizer, Ilve-

op and residue) were recordel:! in
Ie inputs and outputs were calcu-
.btained. The excess Nand P as
ared with the N and ortho-p~os-

sampling stations. ,

ablished within the watershed in
juring 1990 (Figure I) (Ston~ et

Roads

Streams

Stream

Sampling
Station I

Farm With
Monitoring Well

.

~.Q~\
)

al., 1995). Sub-watershed outlets are indicated in Figure I at the diamond-
shaped stream sampling stations 1-4. Stations were located on tributaries as
well as at the upper reach and at the watershed outlet of HMR. The upper reach
of HMR (sampler 3) had extensive riparian buffer zones and relatively little
poultry and swine production activities (257 ha of the total 537 ha were for-
ested). The upper reach tributary (sampler 2) had extensive swine and crop
production, but less extensive riparian buffer zones (146 ha of the total 425 ha
were forested). Stream water samples were taken with auto samplers, and flow
was measured at stream sampling stations as described in Stone et al. (1995).
All water samples were acidified upon sampling and transported to the USDA-
ARS research center in Florence, South Carolina, for analyses. Water samples
were analyzed for nitrate-N, ammonium-N, total Kjeldahl-N, ortho-P, and to-
tal P using US EPA Methods 353.2, 350.1, 351.2, 365.1, and 365.4, respec-
tively (US EP A, 1983). A TRAACS 800. Auto-Analyzer was used, and EP A-
certified quality control samples were routinely analyzed to verify results.

GROUND WATER EVALUATION

Ground water monitoring wells were installed using a SIMCO 2800 trailer-
mounted drill rig on 24 fanns in the HMR watershed from 1991 through 1994
(Figure I). Well bottoms were positioned on an impermeable layer or at a depth
of 7.6 m if the impermeable soil layer could not be located above that depth
(Stone et al., 1994). Water table depths in the watershed were generally 1.5 to
3 m below the soil surface. The farms exemplify the agricultural practices used
in the watershed. The majority of the farms with monitoring wells were in row
crops. There was a mix of farms with and without implemented nutrient man-
agement plans. Poultry litter and compost were the main sources of N on two
row crop fanns. Several fanns applied swine lagoon effluent to pasture for hay

production.

RIPARIAN ZONES

An overcut riparian zone of approximately 1.2 ha was contiguous to a 3.7-
ha Coastal bermudagrass (Cynodon dactylon L.) field that was used for swine
wastewater treatment. Approximately 2.2 and 1.0 Mg/ha/yeat of Nand P, re-
spectively, were applied in swine waste water. The portion of the field used for
wastewater treatment was initially too small (about 1.1 ha), and overloading
had occurred. During our study the treatment field was expanded, and hard-
wood trees were planted in the riparian zone. Starting from the field, the spe-
cies planted were green ash (Fra:x:inus pennsylvanica Marsh.), red maple (Acer
rubrum L.), sycamore (Platanus occidentalis L.), water oak (Quercus nigra
L.), and cypress (Ta:x:odium distichum (L.) Rich.). Ground water wells were
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Table 2. Excess applied nitrogen (N) and phosphorus (P) and stream loadings for the
Herrings Marsh Run watershed (modified from Stone et al., 1995).

~

Sampling Stationt
Nutrient Loading 1 2 3-

--kg/ha/year
Excess N Applied 38 85 55
Stream N Loading 3 22 6
Excess N % Loss in Stream 8% 26% 11%
ExcessPApplied 20 57 15
Stream Ortho-phosphate Loading 0.5 0.9 0.4
Excess P % Loss in Stream 3% 2% 3%

tStation 1 is located at the watershed outlet. Station 2 is the Herrings Marsh Run tributary.
Station 3 is the Herrings Marsh Run main and is used as a background reference.

Table 3. Mean daily nutrient concentrations and mass fluxes over the sampling
period for three stream monitoring stations in the Herrings Marsh Run watershed in

Duplin County, North Carolina (modified from Stone et al., 1994).-, ...
Sampling Stations

Nutrient Discharge 1 2 3
~-~

Concentration ~mg/L
Nitrate 2.01 5.34 1.18
Ammonia 0.15 0.42 0.08
o-phosphate 0.14 0.15 0.06

Mass Flux kg/day
Nitrate 22.17 19.61 3.56
Ammonia 2.08 1.34 0.28
o-phosphate 2.24 0.57 0.17

mJ/s
StreamFlow 0.147 0.041 0.034
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watershed 2 (21 kg/day) was nearly as large as that from the watershed outlet
(24 kg/day). Ortho-phosphate-P concentrations in the streams were generally
less than 0.2 mg/L, and the mass flow differences among the streams resulting
from the S!all concentration differences were of little environmental signifi-
cance.

The im act ofN and P inputs upon stream water quality was very differ-
ent. Most of;the P was bound by the soil, and very little of the excess (less than
3%) reached the streams. Nitrogen was much more mobile, and over 25% of
the estimated excesses in sub-watershed 2 were lost in stream flow, predomi-

nantly as nitrate.

GROUND WATER QUALITY

Ortho-phosphate-P concentrations were less than 0.05 mg/L in all wells,
and nitrate-N was less than 10.0 mg/L in wells on 19 of the 24 farms (Stone et
al., 1994). In the five farms with wells that exceeded 10 mg/L of nitrate~N
(Figure 1; t'arms A, B, C, F, and R), only farm A had wells that exceeded 20
mg/L nitrate-No Farm A had mean concentrations of20 and 83 mg/L of ammo-
nia-N and nitrate-N, respectively, in wells in a bermudagrass field that had
been overloaded with swine waste water prior to the Water Quality Demonstra-
tion Project. The waste water spray field has been expanded in area, but the
ground water quality has not yet improved. It is anticipated that lower waste-
water application rates, denitrification, and Coastal bermuda hay uptake of N
will reclaim the site in time. Three of the other four high-nitrate-N farms were
also located in sub-watershed 2. Thus, stream and ground water nitrate-N lev-
els were highest in the portion of the watershed with the highest level of ani-

mal waste production.

HARDWOOD RIPARIAN ZONE

First year growth of the planted hardwood trees has been excellent in the
reestablished riparian zone contiguous to the swine waste water disposal field
of farm A. The trees will soon constitute a significant sink for the N that moves
to the stream. Initial denitrification enzyme analyses indicated that the ripar-
ian zone had significant denitrification potential, particularly near the creek.
The creek Ihad mean ammonia-N and nitrate-N concentrations of 4.1 and 8.7
mg/L, res~~ctively, substantially lower than the 13 and 59 mg/L of ammonia~N
and nitrate-N, respectively, in the shallow ground water that flowed through
the ripariar zone. Thus, significant nitrate-N and ammonia-N were removed,
but significant amounts also moved from the waste water disposal site through
the riparian zone to the stream. In such instances, some form of in-stream
treatment is desirable, and the need for stream clean-up suggested that an in-

stream wetland would be desirable.

Table 4. Mean nitrat~-N in stre. I

Flow

In-flow
Out-flow
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IN-STREAM WETLAND

Prior to the establishment of the 3.2-ha, in-stream wetland, the mean ni-

trate concentration from sub-watershed 2 at sampler 2 was about 5.5 mg/L,

and the mean ammonia-N concentration was 0.42 mg/L (Table 2). The con-

centration of nitrate-N in the water entering the wetland a few hundred meters

upstream of sampler 2 remained about the same as the pre-wetland concentra-

tions (Table 4). After the wetland was established, the concentration of nitrate-

N in the stream leaving the wetland at station 2 was 1 mg/L or less in the

wanner months. However, the wetland was less effective in N removal during

the cooler months. This seasonal effect was probably due to less plant growth

and slower denitrification in the cooler months. Ammonia-N and ortho-phos-

phate-P were not altered greatly. They were generally less than 0.4 and 0.2

mg/L, respectively, before and after flow through the wetland.
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SUMMARY

Nitrate-N in stream and ground water was highest in the portion of the
HMR watershed with the highest concentration of swine and poultry produc-
tion. Four of the five farms with high nitrate-N were in the sub-watershed with
highest swine and poultry production density. However, only five of the 24
tested farms had mean ground water nitrate-N concentrations in excess of 10
mg/L, and only one of the farms had mean nitrate-N concentrations in excess
of 20 mglL. Ortho-phosphate-P in streams and ground waters was affected
very little by animal waste applications, even when in close association with a
heavily overloaded waste disposal site.

A riparian zone removed substantial amounts of nitrate-N and ammonia-
N from the shallow ground water of an overloaded swine waste water disposal
site. An in-stream wetland was very effective in the removal of nitrate-N from
a stream that had nitrate-N in excess of 5 mg/L. Development and use of ad-
equate nutrient management plans along with the creation, enhancement, and
preservation of riparian and wetland landscape features offer the opportunity
to minimize the adverse effects of animal waste disposal in the eastern Coastal
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Table 4. Mean nitrate-N in stream water of an in-stream wetland in sub-watershed 2.

Time Period
$prina 94Flow

mg/L
7.0(1.1) 6.7(1.1) 6.3(1.4)
0.8(1.0) 4.9(0.9) 1.0(1.1)

In-flow
Out-flow






